ABSTRACT
Introduction
Plant lectins are proteins that recognize specifically carbohydrates (14) . Recently, additionally to their saccharide specificity, it has been found that many plant lectins have hydrophobic sites for hydrophobic non-carbohydrate compounds (4, 10, 16, 21, 24, 26, 29) . It is supposed that they are biologically relevant which is shown by their higher affinity for hydrophobic ligands than to carbohydrate ones.
One of the most interesting among the plant lectins is wheat germ agglutinin (WGA from Triticum vulgaris), a dimeric protein with a molecular weight of 34 kDa. This protein not only binds transformed cells like Du-145 (prostate cancer cells, (8) , pancreatic cells (27) , but it is also taken up into the cancer cells for which it is an appealing candidate for drug delivery (23) .
This motivated us to test whether WGA could interact with porphyrins. Porphyrins are biologically important compounds used as photosensitizers in photodynamic therapy (PDT) of cancer treatment (3) . The disadvantage of this approach comes from the fact that they cannot accumulate preferentially in tumour tissues, inflicting damage to normal ones, as well. Therefore, in order to improve the selective recognition of tumour cells by porphyrins, several plant lectins have been tested as drug delivery agents for these sensitizers (11) . Previous spectroscopic and crystallographic studies have shown that some plant lectins (snake gourd Trichosantes anguina seed lectin, concanavalin A, peanut lectin, jacalin) can bind porphyrins (3, 12, 13, 14, 17, 22, 20) .
Regarding this, of special interest to us were WGA-porphyrin complexes, as to our knowledge there were no data describing this affinity. Recently, a remarkable antiproliferative effect of Fe and Pd on cancer cells is reported (19, 25) which urged us to study WGA-Fe and WGA-Pd porphyrin complexes opening new possibilities for the targeted drug delivery for cancer.
Our results help to elucidate the novel poprhyrin binding activity of WGA and show its affinity for compounds with established anticancer properties. Materials 5, 10, 15, tetrakis(N-methyl 4-pyridyl) porphyrin Fe(III) (FeTMPyP) and 5,10,15,20-Tetrakis-(4-sulfonatophenyl) porphyrin-Pd(II) tetrasodium salt Pd(II) (PdTSPP) were purchased from Porphyrin Systems (Luebeck, Germany). Lectin from Triticum vulgaris (WGA) was purchased from Sigma. The protein was dissolved in PBS (20 mM phosphate buffer containing 0.15 M NaCl, pH 6.8) and the concentration of WGA was determined spectrophotometrically using the extinction coefficient calculated from the aromatic amino acid residues. The concentrations of poprhyrins were calculated by their absorbances.
Materials and Methods

Fluorescence spectroscopy
Steady state fluorescence measurements were performed with a Shimadzu fluorometer (Japan). To avoid detection of the Tyr emission, the protein sample was excited at 295 nm with a slit width of 1.0 nm. Total fluorescence was calculated after normalization of the fluorescence spectra and correction for dilution. To normalize for inner filter and self absorption effects, 
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The drug-protein interactions were studied by a fluorescence titration method ideal due to its intrinsic sensitivity and simplicity. For this aim, WGA (1.5 µM) was titrated with increasing concentrations of the studied porphyrin ligands. Data were statistically analyzed. First, the data distribution was examined using QQ plot and statistical significance (p) by a modified Kolmogorov-Smirnov test was determined (Fig. 2b) . Then experimental data were processed by a nonlinear regression analysis computed with the Graph Pad Prizm program.
The binding of FeTMPyP (0.08±0.03 μM) and PdTSPP (1.02±0.1 µM) to WGA were estimated by a variation of the intrinsic protein fluorescence emission. The maximal increase of the protein fluorescence due to the saturation of the binding sites by the ligand (F max ) was estimated from the titration data.
Results and Discussion
Recently, it has been discovered that some plant legume lectins bind porphyrin compounds. Of special interest to us is whether the non-legume lectin WGA has the possibility to interact with poprhyrin compounds. To study the molecular basis of WGAporphyrin interaction is important for the design of novel drugs in order to improve their bioavailability. Porphyrins are biologically important molecules that are currently used as photosensitizers for PDT that is a new treatment modality for tumours. In PDT the interactions of light with the sensitizer and molecular oxygen produce singlet oxygen and other forms of reactive oxygen species (ROS). (Fig. 1a, Fig. 1b) , the data supported the accommodation of FeTMPyP within WGA molecule. The obtained result is similar to those obtained in analysis of ZnTPPS 4 binding to plant lectins (3). We also studied the interaction of WGA with PdTSPP by titration by the changes in the Trp fluorescence, excited at 295nm. The interaction of WGA with porphyrins caused a significant decrease of the Trp fluorescence. For WGAPdTSPP complexes dissociation constant kD of (1.02±0.14) was measured, showing high affinity binding (Fig. 2a) . the emission maximum was registered at 350 nm, which is a characteristic of exposed Trp chromophores located near the surface of the protein. The hyperbolic binding curves indicate one high affinity site for the porphyrin molecules.
Our results provide the first spectroscopic data regarding the interactions of a non-legume lectin WGA with porphyrin compounds showing anticancer activities.
Recent studies have shown remarkable antiproliferative effects of Fe compounds (28) .
Interestingly, Kolarova et al. (19) found that PdTPPS 4 is effective in producing ROS, which is important for the outcome in PDT, and in induction of cell death in G361 (a human melanoma cell line). In PDT, porphyrins selectively accumulate in the target cancer cells and, after irradiation with visible light, produce singlet oxygen, generating ROS that causes cell death. However, the selectivity of porphyrin compounds towards tumour cells is not always sufficient for PDT to be efficacious. Recently, targeted PDT molecules have been invented by use of special molecules (antibodies or hormones) with photosensitizers aiming to improve their selectivity for tumors (18) .
An alternative approach has been studied and applied using some plant lectins, such as snake gourd Trichosanthes anguina, legume Concanavalin A, and pea lectin, that have been found to bind porphyrins and may have potential application in targeted PDT (3, 12, 13, 14, 17, 20, 22) . Our data are the first to demonstrate the porphyrin binding capacity of WGA lectin.
Conclusions
These investigations show that WGA interacts with two hydrophobic molecules, the photosensitizers PdTPPS4 and FeTMPyP with high affinity. In addition, because WGA binds to cancer cells (23, 27) , and is uptaken by them, the results suggest that WGA potentially could be used in the targeted delivery of anticancer agents.
